Abstract-Manufacturing companies strive to be competitive through the use of Advanced Manufacturing Technologies (AMT). AMT implementation is not simple with many barriers to its success, especially for smaller companies. These issues limit the access of small medium enterprises (SMEs) to the full benefits of the technology. This study is aimed to identify the barriers to successful AMT implementation in SMEs before improvement steps can be taken. A survey on the barriers was conducted on manufacturing SMEs in the Klang Valley region of Malaysia. From the results, a list of barriers was obtained and its severity ranked. The results showed that the lack of appropriate or proper training as the most severe barrier. The results may assist SMEs in understanding the state of Malaysian SMEs in implementing AMT and could serve as a guide to strategize solutions to overcome the barriers.
INTRODUCTION
The use of Advanced Manufacturing Technology (AMT) has gained widespread attention since its inception and is considered as a vital element for manufacturing firms to be on the competitive edge. AMT is employed due to the benefits it gives to industries of every scale and size. Small-medium enterprises (SMEs) face different challenges when it comes to AMT implementation and generally face more challenges due to the different needs and decision making processes [1] . SMEs are important in generating economic growth; however, Malaysian SMEs are struggling to survive.
There are various AMT definitions by different experts and members of academia. Chung and Swink broadly defined AMT as a variety of hard and soft technologies that is developed to improve manufacturing capabilities [2] . Stock and McDermott [3] combined various papers' definition of AMT and collectively defined AMT as "a group of computer-based technologies, including computer-aided design (CAD), robotics, group technology, flexible manufacturing systems, automated material handling systems, computer numerically controlled machine tools, and bar-coding or other automated identification techniques." Examples of AMT used in industries are computer-aided design (CAD), computer-aided manufacturing (CAM), robotics and manufacturing resources planning (MRP II) [4] .
AMT serves to enable high-performance manufacturing in companies to meet increasing expectations. Manufacturing companies struggle to lower cost, improve quality, increase throughput, and at the same time, be flexible in their production [5, 6] . Unfortunately, not all AMTs perform as expected. Some ended to be 'satisfactory' without producing the full benefits and some ended up a total failure [7] . Various empirical studies have proven the benefits of AMT when it is implemented correctly [8, 9, 10, 11] .
AMT implementation is not merely adopting the technology [8] . It involves a series of extensive decision making process and firms have to be aware of the challenges that the new technology will impose on the organization. Firms that decided to implement AMT have to be aware of the challenges that the new technology will impose on the organization to allow successful implementation.
The definition of implementation that is used for this study is as proposed by Voss and Small & Yasin [12, 13] , whereby the implementation processes are categorized into three elements which are pre-installation, installation and commissioning, and post-commissioning. With this definition, technology adoption is considered as part of the implementation process. The barriers to successful AMT implementation in SMEs especially in developing countries require attention because these firms may not have established formal processes for research and development (R&D) [6] . If AMT implementation failed, more problems will emerge which may destabilize and jeopardize the firms [5] .
This study is aimed to identify the barriers of AMT implementation in Malaysian SMEs. Once the barriers are identified, SMEs are able to plan on how to overcome the barriers and obtain success with the technology.
A. Barriers to Advanced Manufacturing Technology implementation
The summary of the barriers in AMT implementation as reported in various literatures can be seen in Table I . A focus is put on recent papers, whereby most of the papers referenced in this study are published within the past 5 years. An older study of AMT implementation in Malaysia is also included for comparison purposes. From Table I , the highest recorded barrier is resistance from employees. 7 out of 9 papers reported this barrier. The resistance of the new technology by employee at various levels is usually driven by fear such as fear of salary reduction, the reluctance to change working style that they have accustomed to [10] , and fear of the inability to cope with the changes in technology [15] . AMT implementation cannot be successful without the support and cooperation of the workforce members [16] . Workers participation during AMT implementation is crucial and is noted by various studies [18, 19, 20, 21] .
Lack of adequate or proper training, lack of AMT skills, lack of management knowledge and experience, poor identification and quantification of relevant costs, and poor justification of AMT and its benefits are reported in 5 papers. The need for a more skilled workforce is recognized by companies [10, 14, 24] . Without the technical knowledge needed, companies are unable to identify and predict the technological capabilities of the AMT [25] .The shortage of skilled workers results in the need for training to prepare workers to face the challenges during AMT implementation. The presence of highly trained workers is a contributing factor to success in AMT implementation [11, 26, 27, 28] .
The success of AMT implementation is highly influenced by the competencies of the management of the company [17] . Management is responsible for facilitating changes in the company in terms of physical, psychological and cultural change as well as bringing teamwork into the implementation of AMT [14] . Apart from management issues, companies face many problems in identifying the total cost of their AMT project [5] . This creates problems in the company's financial management due to reasons such as unexpected increase in labor costs after the technology adoption [22] .
II. METHODOLOGY
An exhaustive literature review on papers related to barriers to AMT implementation in manufacturing companies was conducted. A list of possible barriers to AMT implementation was developed as shown in Table I . This study used the survey methodology to identify the barriers that are present in Malaysian SMEs. Questionnaire was distributed and the results were analyzed using SPSS software. A comparison was made with other studies' findings.
A. Questionnaire Development
From the list of barriers developed, questionnaires were structured to identify the barriers that are present in Malaysian manufacturing SMEs. The questionnaire included questions on the background of the company, types of AMT implemented, plant's performance after implementing AMT and the barriers that the company face in AMT implementation. The AMT type is categorized into 4 types which are integrated systems, plant and equipment, computer hardware and computer software, as categorized by Saberi and Yusuff [14] . A likert scale of 1 to 5 was used to rate the extent each barrier is being experienced or faced in the companies, with 1 as disagree and 5 as strongly agree. Participants were also asked to jot down any barrier that was not included in the list.
B. Data Collection
Over 370 companies situated in the Klang Valley area were targeted for this study. This region was chosen as more than 50% of manufacturing SMEs in Malaysia are situated in the state of Selangor and the Federal Territory of Kuala Lumpur. There is a total of 12, 515 SMEs in Selangor and Kuala Lumpur as reported in the 2013 statistics [31] . More than 400 questionnaires were sent out via post mail and e-mails, giving participants a choice on the method of responding. In the email, an online link was included as well to enable participants to answer the questionnaire via online.
The list of companies was obtained from the Federation of Malaysian Manufacturers (FMM) directory and the SME Corp database. The target participants of the questionnaire were middle to senior levels of management professionals of the companies. A total of 36 responses were obtained, which achieves a 9.7% response rate. Although there were more responses, some of the responses were rendered invalid for this study and were filtered out. The response is short of 0.3% as the acceptable response rate for developing countries such as Malaysia which is 10%. However, this response is comparable to the study by Saberi and Yusuff [14] on the exploratory study into AMT in Malaysian SMEs that received 30 responses. This amount is also comparable to the study by Efstathiades et al. [20] with 40 responses.
III. RESULTS AND DISCUSSIONS

A. Validity of the scale
The validity of the questionnaire regarding the barriers was tested with Cronbach's alpha. The value obtained was 0.917 which is desirable. Cronbach's index figure of 0.8 and above is desirable [29] . Thus, the questionnaire is considered to be valid. To further analyze each of the barriers, the Corrected item -Total Correlation was done to analyze the correlation between each barrier, as shown in Table II . From the analysis, the lack of financial resources has a value of below 0.3, which is undesirable. According to the same study by Kottner and Steiner [29] , the desired value is 0.3 and this result is also supported by Cortina [30] . Recalculation of the Cronbach's Alpha value was done if each of the barriers was removed showed that its value was improved when the barrier for lack of financial resources was removed. However, the barrier is kept in the list as it is highly supported by various literatures. Thus, all the 19 barriers remained. 
B. Results of the survey
From the responses, 2 respondents are micro enterprises, 22 are small enterprises and 12 are medium enterprises. The types of industry of the respondents are shown in Fig. 1 Fig. 2 shows the categories of the AMT implemented by the respondents. Fig. 3 shows the number of AMTs implemented by the companies, which shows that most companies implement 2 or 3 categories of AMT. Low-level technologies are implemented the most, similar to the findings by Saberi and Yusuff [6] which are computer software and computer hardware. The mean of the barriers are shown in Table III . From the table, the barrier that is most severe is the lack of adequate or proper training followed by lack of AMT skills & knowledge. It is followed by lack of financial resources. The least severe barriers are lack of technical support by supplier and poor organizational culture. The severity of each category of barriers was calculated, with workforce and financial barriers as the most severe categories at 3.29. Organizational barriers are reported to be the least severe.
C. Discussions
In a study conducted on Malaysian SMEs in 2009 by Saberi and Yusuff [6] , the most severe barrier was found to be high equipment cost, followed by lack of adequate or proper training, and thirdly, lack of funding. This is similar to the current finding although the sequence is different. Although the government of Malaysia has increased effort to assist SMEs financially, financial barrier is still prevalent. The least severe barrier reported in the prior study mentioned is resistance from employees, followed by lack of leadership. The current study revealed lack of technical support from supplier to be the least severe barrier. The investment patterns of SMEs for both studies are similar, whereby most companies chose to implement lower level technologies. This showed that the top barriers faced by companies are the same although to a different degree today as compared to 5 years ago. This suggests little improvement efforts to overcome the barriers. The lack of adequate/proper training is regarded the most severe barrier today (it was the second most severe in the 2009 study) and this increase could be due to the ineffective utilization of training as well as a lack of a proper training plan.
It is also important that although there are different severity-rankings for each barrier, companies should be aware of the presence of each barrier. The barriers that are not as severe should not be ignored as they play a role in influencing the success of AMT implementation. Each of the barriers may be inter-related and influence each other. Further studies are needed to study the inter-relationship between each of the barriers to know the degree of influence each barrier possesses. With the knowledge of the relationship between the barriers, steps can be taken to eradicate the barriers more effectively than just targeting the most severe barriers. 
IV. CONCLUSIONS AND RECOMMENDATIONS
The barriers to AMT implementation and their severity have been identified in this study. Though the sample collected is small, it has provided some insights into the problems faced by SMEs in AMT implementation. This study will be useful for researchers for future studies on the barriers to AMT implementation such as determining the relationship among the barriers. Companies may also benefit from this study as a guide on understanding the state of Malaysian SMEs and a guide to strategize to overcome the barriers to AMT implementation.
In order for companies to achieve successful AMT implementation, a more holistic approach is needed. Companies should identify all the requirements of the technology to be implemented before technology adoption takes place [22] . This will help companies to anticipate the required changes that are needed. However, due to the various limitations of SMEs such as lack of experience and knowledge, perhaps an intervention from experts to provide SMEs with customized solutions, training and mentoring as proposed by Fulton and Hon [1] will be a viable solution to this problem.
